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Abstract 
Amount of waste tires in Indonesia is about 50 million pieces per year in which serious treatments are necessary in the future. 
This is because their utilizations are still limited and requires further studies to increase their feasible added value. With this 
regards, this work is aimed to investigate possibilities on using of waste tires as reinforcement material for concrete by 
experimental and finite element simulation. With concrete as matrix, both of them are implemented in non-prestressed and 
prestressed waste tire reinforced concrete in standard flexural testing procedures. Two concrete beam specimens with 
reinforcement and one specimen without reinforcement are used to investigate the flexural capacity. Dimension of the all 
specimens are 150 mm x 150 mm x 1000 mm. In the prestressed specimens, the waste tire reinforced are tensioned with 0% and 
17% of their strain before casting of concrete. After the concrete are hardened, they are then jacked at the end of concrete beam 
using anchorage clamping. The flexural strength tests are carried out by using three point loading scenario for the beam after 28 
days concrete ages. The result shows that prestressed force of waste tires as reinforcement contribute significantly on the flexural 
strength of the concrete beam over the non-waste tires reinforcement as well as non-prestressed one. Finally, finite element 
analysis simulating the test is also introduced here to give an initial study on how to model behavior of this type of concrete 
composite in global responses. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Background 
The use of car in Indonesia increased significantly with the growth of the national economy. Growth of the 
quantity of cars has amplified drastically after Indonesian Government released regulation for low cost green car 
(LCGC). This reality also impacts on the use of tires on vehicles. Domestic tire company has produced 50 million 
tires in 2013 [1]. Selling of tires for domestic consumption is around 20 million tires per year [2] Based on this 
reality it can be assumed that the waste tires are formed to 20 million tons per year. This amount will continue to 
grow up as the acceleration in number of vehicles in the country. The new problems arises when the waste tires are 
deposited in certain areas. It needs huge area to dispose them. 
Based on research from some researchers [3, 4], they found that waste tires can not be destroyed by the 
environment both biological and chemical processes. It also has a good resistance to chemical attack and acid. Waste 
tires only can be burned at temperatures above 322oC [5]. Referring to the good durability and elasticity of waste 
tires, there are some advantages applying it in reinforced concrete. Some researchers already investigated the waste 
tires in concrete. The powder used tires was recycled to replace sand in concrete [6]. Meanwhile the chip waste tires 
were applied in a mortar with a content of 2.5%, 5%, 7.5% and 10% [7]. The result showed that mortar with the chip 
waste tires has a higher flexural strength than ordinary mortar.  
Unfortunately, research on the usage of waste tires for building as a simple concrete structures has not been 
investigated yet. This work tries to study applicability of the waste tires in the concrete structures. Contribution of 
prestressed effect due to stretching of waste tire and then jacked on the end of concrete beam is studied as well. 
2. Experimental procedures 
2.1. Specimens 
Cylinders with diameter 150 mm and 300 mm height are utilized to investigate compressive strength of concrete. 
Specimen quantity for compressive strength is 3 pieces. Beams with the dimension 150 mm x 150 mm x 1000 mm 
are adopted in order to verify the effect of prestressed force of waste tire. There are 3 types of concrete beam 
specimens. The first one is specimen without waste tires reinforcement. The second concrete beam is non 
prestressed specimen with waste tires reinforcement. The third specimen is prestressed concrete beam with waste 
tires reinforcement. The molding of concrete beam is shown in Fig. 1. 
 
Fig. 1. Molding of concrete beam. 
 Steps of concrete casting in the molding is shown is Fig. 2. The first step is inserting waste tire reinforcement 10 
mm x 10 mm x 2000 mm in the first clamp at the end of molding and then tightening the clamping (Fig. 2a). 
Through the hole on the casting, end of the waste tires reinforcement is inserted and hold by another clamp (Fig. 
2b). Rotate the handle in order to stretch the waste tire reinforcement until the strain target is reached (Fig. 2b). 
After installation of the casting of the concrete is ready, then fresh concrete is cast into the form (Fig. 2c). Release 
harden concrete beam from the form at the 3 days age. At the same time, jacking the waste tire reinforcement at the 
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end of the concrete beams using anchorages. They are covered by using wet mattress for 25 days (Fig. 2d). 
Furthermore, flexural strength test is conducted based on ASTM C 78 – 94 [8] (Fig. 2e). 
         
        (a)                (b)   (c) 
  
           (d)                (e) 
Fig. 2. Processes of concrete casting 
2.2. Flexural strength test 
Set up of the concrete beam specimen based on ASTM C 78 – 94 is showed in Figure 3. Bring the load applying 
blocks in contact with the surface of the specimen at the third point and apply a load between 3 and 6% of the 
estimated ultimate load. Applied the Load on the specimen continuously and without shock. The load was applied at 
a constant rate to the breaking point. When the fracture initiated in the tension surface within the middle third or the 
span length, calculated the modulus of rupture as Equation 1. 
ܴ ൌ  ௉௅௕ௗమ  (1) 
If the fracture occurred in the tension surface outside of the middle third of the span length by not more than 5% 
of the span length, the modulus of rupture was calculated by Equation 2. 
ܴ ൌ  ଷ௉௔௕ௗమ       (2) 
where, R is modulus of rupture in Mega Pascal, P is maximum applied load indicated by the testing machine in 
Newton, L is span length in mm, b is average width of specimen at the fracture in mm, d is average depth at the 
fracture in mm and a is average distance between line of fracture and the nearest support measured on the tension 
surface of the beam. 
 
Fig. 3. Set up of concrete beam 
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3. Numerical simulation 
Finite element analysis (FEA) is also performed here using limited version of the commercial FEA namely LISA 
which has capability to model until 1300 nodes [9]. Since the model in hand is linear and having non-complex 
boundary condition, this works is merely to support design of the respective specimens before their production 
stages instead of one-to-one validation on the experimental results. The latest will be the next research objective.  
In this work, a special treatment is used to overcome the node limitation above. By relying on volume fraction 
homogenization method, the influenced of the tire reinforcement are smeared into solid brick elements. Three 
different meshes to capture different material properties are built. First mesh is dedicated to model pure concrete not 
directly influenced by the reinforcement. Second mesh is constructed as the transition from highly stiffness from 
reinforcement and the pure concrete material. In this mesh, we will perform trial-error for validation. Finally, third 
mesh is dealt with requirement to represent behavior mostly of waste tire as reinforcement. Since we consider only 
small strain and displacement, no hyperelastic model or finite strain kinematics will be used throughout simulation 
as commonly found in tire based material modeling and simulation. On the other hand, the behavior of the tire will 
be assumed to be linear. Finite element analysis is conducted to simulate effect of prestressed forced in waste tire 
reinforced concrete specimen only. 
4. Result and Discussion 
4.1. Experimental results 
Fig. 4 shows the result testing of specimen without waste tire reinforcement, specimen with waste tire 
reinforcement without prestressed force and specimen with waste tire reinforcement with prestressed force. The 
figure correlate between displacement as horizontal axes and load as vertical axes. They indicate that maximum load 
on the specimen without waste tire reinforcement is higher than maximum load on the specimen with waste tire 
without prestressed force. This is be caused by reduction of concrete area which is replaced by waste tire as 
reinforcement. There is no contribution on flexural strength due to waste tire reinforcement. It can be understood 
because waste tire reinforcement has very high strain value. But after it is stretched about 17% of the elongation and 
then jacked on the concrete, flexural strength of concrete is higher than the concrete without waste tire 
reinforcement. It can be understood because prestressed forced due to the waste tire reinforcement has contribution 
on flexural strength of concrete. Among the three specimens, specimen with waste tire reinforcement with 
prestressed force has the highest of maximum load. Based on the above result, it denote that waste tire reinforcement 
with prestressed forced contribute significantly in order to improve the flexural strength of concrete beam. 
    
Fig. 4. Load and displacement (a) without waste tire reinforcement (b) waste tire reinforcement without prestressed (c) waste tire reinforcement 
with prestressed 
Another phenomenon confirmed in the Fig. 4 is that concrete beam without waste tire reinforcement is suddenly 
collapse after the maximum load is reached. On the other hand, concrete beam with waste tire reinforcement still 
have a little capacity to resist external load. Since cracks are initiated on the surface of concrete beam and by the 
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time crack width increase due to the load, waste tire reinforcement is able to hold the concrete beam from totally 
rupture. It still has a good connection with concrete. Even, the crack width have reached more than 5 mm, the 
concrete beam with waste tire reinforcement is stable on the support. There is no slipped between waste tire 
reinforcement and concrete. Those fact can be clarified by using Figure 5.  
     
      (a)          (b)             (c) 
Fig. 5. Crack width (a) without waste tire reinforcement (b) waste tire reinforcement without prestressed (0%) (c) waste tire reinforcement with 
prestressed (17%) 
4.2. Numerical results 
Three different meshes, as shown in Fig. 6, to capture different material properties are built. In this work 
analytical solution using the Euler-Bernoulli theory will be very difficult, because the specimen consist of two 
different layers of material. Therefore, numerical simulation is preferable in this case. First mesh is dedicated to 
model pure concrete not directly influenced by the waste tire reinforcement. Meanwhile, second mesh is constructed 
merely as the transition domain from the reinforcement and the pure concrete. In this mesh, trial-error processes to 
find better approximation with respect to experimental results are performed. Finally, third mesh is dealt with 
requirement to represent behavior mostly of the tire reinforcement. Since this work considers only small strain and 
displacement, no hyper-elastic model or finite strain kinematics are used throughout simulation as commonly found 
in tire based material modeling and simulation. Consequently, the behavior of the tire materials herein will be 
assumed linear. 
 
(a)                                                         (b)                                                                            (c) 
Fig. 6. Three different material models represented in three different mesh domain for pure concrete (a), transition between concrete and the tire 
reinforcement (b) and mixed tire reinforcement with concrete (c). 
Fig. 7 shows lateral displacement induced by lateral loading in pure bending simulation. In this Figure, the lateral 
displacement behaves almost nonlinear with respect to loading according to the equation shown in it. This clearly 
indicates a typical response of structure under bending load. On the other hand, the effect of pre-stresses on the 
specimen in Fig. 8 shows insignificant reduction of displacement due to low level pre-stresses loading obtained. 
This tendency is corresponding to experimental result. 
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Fig. 7. Behaviour of specimen under pure bending simulation 
 
Fig. 8. The effect of pre-stresses to the displacement based on the simulation in Fig. 4 
5. Conclusions 
Based on the discussion of both experimental and numerical results, some summaries can be concluded as 
follows: 
a. Waste tire reinforcement with 17% of tensioning usage in concrete beam increase flexural strength about 
25% compare to the no reinforcement concrete beam. 
b. Prestressed force contribute to escalate the flexural strength of concrete beam with waste tire reinforcement. 
c. Concrete beam with waste tire reinforcement delay the rupture of concrete beam due to the external loads. 
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